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This invention includes methods and systems for forming an 
ophthalmic lens With a free form edge. In particular, the 
present invention provides a mold assembly including a vent 
portion around a circumference of a lens forming portion. A 
precision dose of lens forming mixture can be placed Within 
the mold asembly to ?ll a lens forming portion of the mold 
assembly. Atmospheric gas may escape through the vent dur 
ing lens assembly. 
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DEPOSIT A LENS FORMING MIXTURE INTO A MOLD PART 
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ASSEMBLE THE MOLD PART WITH AT LEAST ONE OTHER MOLD 
PART 
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COMPRESS THE LENS FORMING MIXTURE WHILE AMBIENT 
ATMOSPHERIC GAS EXITS A VENT AROUND THE PERIMETER OF 

THE LENS MOLD 603 

RETAIN LENS FORMING MIXTURE BETWEEN THE TWO MOLD 
PARTS AND WITHIN THE PERIMETER OF THE VENT 
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CURE THE LENS FORMING MIXTURE 
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SEPARATE THE LENS MOLD PARTS 
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FREE FORM OPHTHALMIC LENS MOLD 

FIELD OF THE INVENTION 

[0001] This invention relates to a process to produce and 
package ophthalmic lenses. More speci?cally, the present 
invention relates to methods and apparatus for utilizing a free 
form edge mold part to mold an ophthalmic lens. 

BACKGROUND OF THE INVENTION 

[0002] It is Well knoWn that contact lenses can be used to 
improve vision. Various contact lenses have been commer 
cially produced for many years. Early designs of contact 
lenses Were fashioned from hard materials. Although these 
lenses are still currently used in some applications, they are 
not suitable for all patients due to their poor comfort and 
relatively loW permeability to oxygen. Later developments in 
the ?eld gave rise to soft contact lenses, based upon hydro 
gels. 
[0003] Hydrogel contact lenses are very popular today. 
These lenses are often more comfortable to Wear than contact 
lenses made of hard materials. Malleable soft contact lenses 
can be manufactured by forming a lens in a multi-part mold 
Where the combined parts form a topography consistent With 
the desired ?nal lens. 
[0004] Ophthalmic lenses are often made by cast molding, 
in Which a monomer material is deposited in a cavity de?ned 
betWeen optical surfaces of opposing mold parts. Multi-part 
molds used to fashion hydrogels into a useful article, such as 
an ophthalmic lens, can include for example, a ?rst mold part 
With a convex portion that corresponds With a back curve of an 
ophthalmic lens and a second mold part With a concave por 
tion that corresponds With a front curve of the ophthalmic 
lens. To prepare a lens using such mold parts, an uncured 
hydrogel lens formulation is placed betWeen a front curve 
mold part and a back curve mold part. The mold parts are 
brought together to shape the lens formulation according to 
desired lens parameters. Traditionally, a lens edge Was 
formed about the perimeter of the formed lens by compres 
sion of an edge formed into the mold parts Which penetrates 
the lens formulation and incises it into a lens portion and an 
excess ring portion. The lens formulation Was subsequently 
cured, for example by exposure to heat and light, thereby 
forming a lens. 
[0005] FolloWing cure, mold portions are separated and the 
lens remains adhered to one of the mold portions. The lens 
and the excess polymer ring must be separated and the excess 
polymer ring discarded. Excess ring removal is usually 
accomplished by various mechanisms during demold. Due to 
the compression of the edge forming perimeter of the mold 
parts, the mold parts are discarded and neW parts are injection 
molded to form a next lens. In addition, it is important to 
manage the removal of the excess polymer ring so that it 
properly discarded and does not interfere With other manu 
facturing steps or make its Way into a product package and 
shipment to an end user. 

[0006] Therefore, it Would be advantageous to provide 
apparatus and methods that enable a lens perimeter to form 
Without using a compression edge and preferably Without the 
formation of an excess polymer ring. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, the present invention provides appara 
tus and methods for forming an ophthalmic lens in a reusable 
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mold With a free form edge. The free form edge eliminates the 
need for the removal of any excess polymer ring, and in some 
embodiments, alloWs for reuse of one or more of the mold 
parts, used to form the ophthalmic lens. The present invention 
teaches the use of precision dosing of lens forming mixture 
into a mold part used to fashion the ophthalmic lens and 
innovative mold designs can be used to facilitate the use of the 
mold part With a free form lens edge. 

DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates an ophthalmic lens mold assembly 
for forming an ophthalmic lens via a free form edge. 
[0009] FIG. 2 illustrates a close up pro?le of a portion of n 
ophthalmic lens mold assembly for forming an ophthalmic 
lens via a free form edge. 

[0010] FIG. 3 illustrates a close up of a vent gap and align 
ment taper portion of a mold assembly according to some 
embodiments of the present invention. 
[0011] FIG. 4 illustrates deposition ofa precision dose of 
lens formulation in a free form edge lens mold assembly. 
[0012] FIG. 5 illustrates dispersion of a precision dose of 
lens formulation in a free form edge lens mold assembly. 
[0013] FIG. 6 illustrates a How chart of steps that may be 
taken to form a free edge on an ophthalmic lens. 

[0014] FIG. 7 illustrates apparatus stations that may be used 
to fashion an ophthalmic lens. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] The present invention relates to the use of a mold 
assembly capable of molding an ophthalmic lens With a free 
formed edge. Essentially, a speci?c amount of lens forming 
mixture is precision dosed into a ?rst mold part and a second 
mold part is assembled With the ?rst mold part thereby form 
ing a vent gap and shaping the lens forming mixture into an 
ophthalmic lens. The vent gap facilitates uniform dispersion 
of lens forming mixture during assembly of the ?rst mold part 
to the second mold part. 

De?nitions 

[0016] As used herein, “released from a mold,” means that 
a lens is either completely separated from the mold, or is only 
loosely attached so that it can be removed With mild agitation 
or pushed off With a sWab. 

[0017] As used herein “lens” or “ophthalmic lens” refers to 
any ophthalmic device that resides in, on or in close proximity 
to the eye. These devices can provide optical correction or 
may be cosmetic. For example, the term lens can refer to a 
contact lens, intraocular lens, overlay lens, ocular insert, opti 
cal insert or other similar device through Which vision is 
corrected or modi?ed, or through Which eye physiology is 
cosmetically enhanced (e.g. iris color) Without impeding 
vision. 

[0018] As used herein, the term “lens forming mixture” 
refers to a monomer or prepolymer material Which can be 
cured to form an ophthalmic lens. Various embodiments can 
include mixtures With one or more additives such as: UV 

blockers, tints, photoinitiators or catalysts, and other addi 
tives providing bene?t to an ophthalmic lens. Speci?c 
examples of lens forming mixtures are more fully described 
beloW. 
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Molds 

[0019] Referring noW to FIG. 1, a diagram of an exemplary 
mold for an ophthalmic lens is illustrated. As used herein, the 
terms “mold” and “mold assembly” refer to a form 100 hav 
ing a cavity 105 into Which a lens forming mixture can be 
dispensed such that upon reaction or cure of the lens forming 
mixture (not illustrated), an ophthalmic lens of a desired 
shape is produced. The molds and mold assemblies 100 of 
this invention are made up of more than one “mold parts” or 
“mold pieces” 101-102. The mold parts 101-102 can be 
brought together such that a cavity 105, in Which a lens can be 
fashioned, is formed by combination of the mold parts 101 
102. This combination of mold parts 101-102 is preferably 
temporary. Upon formation of the lens, the mold parts 101 
102 can again be separated for removal of a fashioned lens 
(not shoWn. 
[0020] A “mold part” as the term is used in this speci?ca 
tion refers to a portion of mold 101-102, Which When com 
bined With another portion of a mold 101-102 forms a mold 
100 (also referred to as a mold assembly 100). At least one 
mold part 101-102 has at least a portion ofits surface 103-104 
in contact With the lens forming mixture such that upon reac 
tion or cure of the lens forming mixture that surface 103-104 
provides a desired shape and form to the portion of the lens 
With Which it is in contact. The same is true of at least one 
other mold part 101-102. 
[0021] Thus, for example, in a preferred embodiment a 
mold assembly 100 is formed from tWo parts 101-102, a 
female concave piece (front curve mold part) 102 and a male 
convex piece (back curve mold part) 101 With a cavity 105 
formed betWeen them. The portion of the concave surface 1 04 
Which makes contact With lens forming mixture has the cur 
vature of the front curve of an ophthalmic lens to be produced 
in the mold assembly 100 and is suf?ciently smooth and 
formed such that the surface of a ophthalmic lens formed by 
polymeriZation of the lens forming mixture Which is in con 
tact With the concave surface 104 is optically acceptable. 
[0022] The back curve mold part 101 has a convex surface 
103 Which contacts the lens forming mixture and has the 
curvature of the back curve of a ophthalmic lens to be pro 
duced in the mold assembly 100. The convex surface 103 is 
suf?ciently smooth and formed such that the surface of a 
ophthalmic lens formed by reaction or cure of the lens form 
ing mixture in contact With the back surface 103 is optically 
acceptable. Accordingly, the inner concave surface 104 of the 
front curve mold part 102 de?nes the outer surface of the 
ophthalmic lens, While the outer convex surface 103 of the 
back mold piece 101 de?nes the inner surface of the oph 
thalmic lens. 
[0023] In some preferred methods a mold assembly 100 is 
injection molded according to knoWn techniques, hoWever, 
embodiments can also include one or more mold parts 101 
102 fashioned by other techniques including, for example: 
lathing, diamond turning, or laser cutting. 
[0024] As used herein “lens forming surface” means a sur 
face 103-104 that is used to mold a lens. In some embodi 
ments, any such surface 103-104 can have an optical quality 
surface ?nish, Which indicates that it is suf?ciently smooth 
and formed so that a lens surface fashioned by the polymer 
iZation of a lens forming material in contact With the molding 
surface is optically acceptable. 
[0025] Further, in some embodiments, the lens forming 
surface 103-104 can have a geometry that is necessary to 
impart to the lens surface the desired optical characteristics. 
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Geometries can therefore include a generally spherical about 
a centroid 106. Other shapes can include, Without limitation, 
aspherical and cylinder poWer, Wave front aberration correc 
tion, corneal topography correction and the like as Well as any 
combinations thereof. 

[0026] Referring noW to FIG. 2, a close up, cut aWay vieW 
of a vent portion 201 of a mold assembly and an alignment 
tapers portion 202 of a mold assembly 202 are illustrated. The 
vent portion 201 includes a narroW passageWay betWeen a 
mold cavity 105 and a space exterior to the mold cavity 105. 
The vent 201 is suf?ciently Wide to alloW an atmospheric gas 
to escape the mold cavity 105 during mold part 101-102 
assembly, but not alloW the escape of the forming mixture. 
Atmospheric gas can include, for example, air or an inert gas, 
such as nitrogen. Other atmospheres may also be included 
according to the needs of a particular molding application. 
[0027] In some preferred embodiments, the vent can 
include a space ofabout 0.001 mm to 0.20 mm and some most 

preferred embodiments the vent can include a space of about 
0.003 mm to about 0.10 mm. 

[0028] In some embodiments, the vent 201 can be ?uidly 
connected to an anterior chamber 203. The anterior chamber 
203 can be formed by a Wall portion connecting the lens 
forming surfaces 103-104 to the alignment tapers 202 of a 
mold assembly 100. In some embodiments, the anterior 
chamber 203 can include a channel of about 0.09 mm to about 
0.20 mm Wide. 

[0029] The alignment tapers 202 can generally taper 
inWard toWards a centroid 106 of the mold assembly 100. 
During assembly of the front curve mold part 101 and the 
back curve mold part 102, the alignment tapers 202 Will guide 
one or more of: the back curve mold part 101 and the front 
curve mold part 102 until the centroid 106 of each mold part 
101-102 is aligned to form a centroid of the mold assembly 
106. 

[003 0] In another aspect, a shoulder portion 204 of the mold 
assembly 100 can provide support to a back curve mold part 
101 as it is assembled to a front curve mold part 102. Engage 
ment of the shoulder 204, Wherein the back curve 101 and the 
front curve 102 meet, can specify a Width of the lens forming 
cavity 105 created betWeen the back curve mold part 101 and 
the front curve mold part 102. 

[0031] Referring noW to FIG. 3, a further close up of some 
embodiments of the present invention is illustrated With a 
precise amount of lens forming mixture 301 that has been 
dosed betWeen a back curve mold part 101 and a front curve 
mold part 102 Will ?ll a lens forming cavity until the lens 
forming mixture encounters a vent portion 302. According to 
such embodiments, the Width of the vent portion 302 is suf 
?ciently narroW to resist the lens forming mixture 301 from 
entering the vent portion 302, but alloWing any gas Within the 
lens cavity to escape. Resistance of the lens forming mixture 
301 from entering the vent portion 302 can be useful to 
facilitate the lens forming mixture ?oWing more evenly 
throughout the lens cavity 105. 
[0032] Precision dosing speci?c amounts of lens forming 
mixture 301 into a lens cavity enables the lens forming mix 
ture to be formed into the shape of an ophthalmic lens, With 
out over?owing into the vent area 302. Precision dosing in 
some preferred embodiments includes a range of plus or 
minus 5% and some more preferred embodiments, a range of 
plus or minus 3%. Accordingly, preferred ranges include a 
range of about plus or minus 1 mg. on a 30 mg. dose. 
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[0033] Referring noW to FIG. 4, in some embodiments, a 
dose of lens forming mixture 301 may not be completely 
centered Within the lens mold. HoWever the force of the 
assembly of the old parts 101-102 can pressure the lens form 
ing mixture to spread out Within the mold cavity 105. 
[0034] Referring noW to FIG. 5, the lens forming mixture 
301 Will continue to spread as pressure is additionally applied 
to combine the back curve mold part 101 With the front curve 
mold part 102. According to some embodiments, assembly of 
the mold parts 101-102 can be under force control such that, 
as the mold parts 101-102 are combined closer together, the 
cavity becomes ?lled With the lens forming mixture 301 and 
the moment that the cavity 105 is ?lled, the force needed to 
bring the lens forming mixture into the vents 302 is substan 
tially increased indicating a stop point for the assembly. In 
some embodiments, a high viscous prepolymer lens forming 
mixture 301 further facilitates the creation of resistance of the 
lens forming mixture entering into the vent 302. 
[0035] Referring noW to FIG. 6, a How diagram illustrates 
exemplary steps that may be implemented in some embodi 
ments of the present invention. It is to be understood that 
some or all of the folloWing steps may be implemented in 
various embodiments of the present invention. At 601, the 
lens forming mixture (described in more detail beloW) is 
deposited into a ?rst mold part 102, Which is utiliZed to shape 
the ophthalmic lens. In preferred embodiments, the lens 
forming mixture is a prepolymer With a viscosity in the range 
of about 10,000 cps to 5,000,000 cps. Dosing can be accom 
plished With a micro dose pump With precision tolerance of 
plus or minus 2 milligrams of a predetermined dose amount. 
In preferred embodiments, exemplary dose amounts can 
include betWeen about 20 milligrams and 50 milligrams of 
lens forming mixture. The precision dosing alloWs the lens 
forming cavity 105 to ?ll With lens forming mixture 301 While 
the mold parts 101-102 are coupled together Without the lens 
forming mixture entering into the vent area 302. By volume, 
preferred embodiments include a dispensing accuracy by vol 
ume of betWeen 2.5 micro liters to 3.0 micro liters and a 
dispensing accuracy by position of Within 75 microns or less. 
[0036] At 602, the ?rst mold part 102 can be assembled 
With at least one other mold part (the second mold part) 101 to 
shape the deposited lens forming mixture into the desired 
shape of a lens. In some preferred embodiments, the mold 
parts 101-102 are assembled With an alignment accuracy of 
Within 50 microns. In some preferred embodiments, the 
assembly force, (sometimes referred to as stopping load) Will 
be between 1 kilogram and 10 kilogram of force. Some more 
preferred embodiments can include a stopping force of 
betWeen about 2 kg to 6 kg of force. According to some 
embodiments of the present invention, because a stopping 
load triggers the stopping of assembly motion, the mold parts 
101-102 do not touch at the lens edge intersection and there 
fore do not physically deform each other during the assembly 
process. Therefore, in some embodiments, one or both of the 
mold parts 101-102 may be subsequently reused to form 
ophthalmic lenses. 
[0037] At 603, the lens forming mixture 301 is compressed 
by the force of the mold parts 101-102 assembly While ambi 
ent atmospheric gas exits via the vent portion 302 around the 
perimeter of the mold assembly 100. The lens forming mix 
ture 301 is dispersed Within the mold assembly 100 While, at 
604 the lens forming mixture 301 is retained betWeen the tWo 
mold parts 101-102 and Within the perimeter of the vent 302. 
Since the lens forming mixture 301 is only dispersed until a 
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stopping force is reached, the edge of a lens formed is not 
de?ned by an edge cut by the mold parts 101-102, but free 
formed by the How of the lens forming mixture 301. 
[0038] At 605, the lens forming mixture is cured. Curing 
can be accomplished, for example, via various means knoWn 
in the art, such as, exposure of the lens forming mixture 301 
to actinic radiation, exposure of the lens forming mixture 301 
to elevated heat (i.e. 40° C. to 75° C.), or exposure to both 
actinic radiation and elevated heat. 
[0039] At 606, the ?rst mold part 101 canbe separated from 
the second mold part 102 in a demolding process such that a 
lens formed betWeen the mold parts 101-102 may be 
accessed. 

Apparatus 

[0040] Referring noW to FIG. 7, a block diagram is illus 
trated of apparatus contained in processing stations 701-704 
that can be utiliZed in implementations of the present inven 
tion. In some preferred embodiments, processing stations 
701-704 can be accessible to ophthalmic lenses via a trans 
port mechanism 705. The transport mechanism 305 can 
include for example one or more of: a robot, a conveyor and 
a rail system in conjunction With a locomotion means that 
may include, a conveyor belt, chain, cable or hydraulic 
mechanism poWered by a variable speed motor or other 
knoWn drive mechanism (not shoWn). 
[0041] Some embodiments can include back surface mold 
parts 101 placed in pallets (not shoWn). The pallets can be 
moved by the transport mechanism 705 betWeen tWo or more 
processing stations 701-704. A computer or other controller 
706 can be operatively connected to the processing stations 
701-704 to monitor and control processes at each station 
701-704 and also monitor and control the transport mecha 
nism 705 to coordinate the movement of lenses betWeen the 
process stations 701-704. 
[0042] Processing stations 701-704 can include, for 
example, an injection molding station 701. At the injection 
molding station 701, injection molding apparatus deposits a 
quantity of a lens forming mixture, such as, for example, a 
silicone hydrogel as described above, into the front curve 
mold portion 102 and preferably completely covers the mold 
surface 104 With the lens forming mixture. 
[0043] In some embodiments, polymerization of lens form 
ing mixture can be carried out in an atmosphere With con 
trolled exposure to oxygen, including, in some embodiments, 
an oxygen-free environment, because oxygen can enter into 
side reactions Which may affect a desired optical quality, as 
Well as the clarity of the polymeriZed lens. In some embodi 
ments, the lens mold halves are also prepared in an atmo 
sphere that has limited oxygen or is oxygen-free. Methods 
and apparatus for controlling exposure to oxygen are Well 
knoWn in the art. 
[0044] A curing station 702 can include apparatus for poly 
meriZing the lens forming mixture. Polymerization is prefer 
ably carried out by exposing the lens forming mixture, to 
polymeriZation initiating conditions. The curing step can 
include exposure of the lens forming mixture to one or more 
of: electromagnetic radiation in the form of X-rays, ultravio 
let light, visible light, particle radiation, electro beam radia 
tion. Radiation can include Wavelengths ranging from about 
280 nm to 650 nm and can include pulsed or continuous 
radiation sources. Exemplary radiation intensities can 
include betWeen about 1 mW/cm2 to about 1000 mW/cm2. A 
mold assembly may also be heated to upWards of 90° C. In 
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some preferred embodiments, cure times may range between 
up to about 120 seconds, although longer cure times are also 
possible. 
[0045] Curing station 702 therefore includes apparatus that 
provide a source of initiation of the lens forming mixture 
deposited into the front curve mold 102. The source of initia 
tion can include for example, one or more of: actinic radiation 
and heat. In some embodiments, actinic radiation can be 
sourced from bulbs under Which the mold assemblies travel. 
The bulbs can provide an intensity of actinic radiation in a 
given plane parallel to the axis of the bulb that is suf?cient to 
initiate polymerization. 
[0046] In some embodiments, a curing station 302 heat 
source can be effective to raise the temperature of the lens 
forming mixture to a temperature su?icient to assist the 
propagation of the polymerization and to counteract the ten 
dency of the lens forming mixture to shrink during the period 
that it is exposed to the actinic radiation and thereby promote 
improved polymerization. 
[0047] In some embodiments, a source of heat can include 
a duct, Which bloWs Warm gas, such as, for example, N2 or air, 
across and around the mold assembly as it passes under the 
actinic radiation bulbs. The end of the duct can be ?tted With 
a plurality of holes through Which Warm gas passes. Distrib 
uting the gas in this Way helps achieve uniformity of tempera 
ture throughout the area under the housing. Uniform tempera 
tures throughout the regions around the mold assemblies can 
facilitate more uniform polymerization. 
[0048] A mold separation station 703 can include apparatus 
to separate the back curve mold part 101 from the front curve 
mold part 102. Separation can be accomplished for example 
With mechanical ?ngers and high speed robotic movement 
that pry the mold parts apart. 
[0049] In some embodiments, a cured lens Which includes 
a polymer/diluent mixture can be treated by exposure to a 
hydration solution at a hydration station 704. A lens is formed 
having a ?nal size and shape Which are quite similar to the size 
and shape of the original molded polymer/diluent article. 

Lens Materials 

[0050] Ophthalmic lenses suitable for use With the current 
invention include those made from prepolymers. 
[0051] In some exemplary embodiments of the present 
invention, lenses can be formed from prepolymer composi 
tions that include silicone prepolymers, polyvinyl silicone, or 
poly-HEMA. Exemplary prepolymers can have a peak 
molecular Weight betWeen about 25,000 and about 100,000, 
preferably betWeen 25,000 and 80,000 and a polydispersity of 
less than about 2 to less than about 3.8 respectively and 
covalently bonded thereon, at least one cross-linkable func 
tional group. 
[0052] In some exemplary embodiments of the present 
invention, it is desirable to limit shrinkage, expansion and 
related attributes through the use of hydrogels formed from a 
crosslinkable prepolymer having a relatively loW molecular 
Weight and loW polydispersity. 
[0053] As used herein “poly-HEMA” means polymers 
Which comprise 2-hydroxethyl methacrylate repeat units. The 
poly-HEMA utilized in some embodiments of the present 
invention has a peak molecular Weight in the range from about 
25,000 With a polydispersity of less than about 2 to a peak 
molecular Weight of about 100,000 With a polydispersity of 
less than about 3 .8. Preferably, the can have a peak molecular 
Weight betWeen about 30,000 With a polydispersity of less 
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than about 2 and about 90,000 With a polydispersity of less 
than about 3 .5. More preferably, the compositions can have a 
peak molecular Weight betWeen about 30,000 With a polydis 
persity of less than about 2 and about 80,000 With a polydis 
persity of less than about 3 .2. Suitable poly-HEMA may also 
have a peak molecular Weight beloW about 100,000 and a 
polydispersity of less than about 2, and preferably a peak 
molecular Weight betWeen about 45,000 and 100,000 and a 
polydispersity of less than about 2.5. In certain embodiments 
the polydispersity is less than about 2.5, preferably less than 
about 2, more preferably less than about 1.7 and in some 
embodiments is less than about 1.5. The term poly-HEMA as 
used above and throughout this speci?cation Will include 
polymers prepared from 2-hydroxethyl methacrylate alone as 
Well as copolymers With other monomers or co-reactants as 

further described beloW. 

[0054] Suitable comonomers Which may be polymerized 
With HEMA monomer include hydrophilic monomers such 
as vinyl-containing monomers and hydrophobic monomers 
as Well as tinted monomers giving light absorption at different 
Wavelengths. The term “vinyl-type” or “vinyl-containing” 
monomers refer to monomers comprising the vinyl group 
(iCR:CR'R", in Which R, R' and R" are monovalent sub 
stituents), Which are knoWn to polymerize relatively easily. 
Suitable vinyl-containing monomers include N, N-dimethyl 
acrylamide (DMA), glycerol methacrylate (GMA), 2-hy 
droxyethyl methacrylamide, polyethylene glycol 
monomethacrylate, methacrylic acid (MAA), acrylic acid, 
N-vinyl lactams (e.g. N-vinyl-pyrrolidone, or NVP), N-vi 
nyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vi 
nyl-N-ethyl formamide, N-vinyl formamide, vinyl carbonate 
monomers, vinyl carbamate monomers, oxazolone mono 
mers mixtures thereof and the like. 

[0055] Some preferred hydrophilic monomers Which may 
be incorporated into polymer utilized in some embodiments 
can include hydrophilic monomers such as DMA, GMA, 
2-hydroxyethyl methacrylamide, NVP, polyethylene glycol 
monomethacrylate, MAA, acrylic acid and mixtures thereof. 
DMA, GMA and MAA are the most preferred in certain 
embodiments. 

[0056] Suitable hydrophobic monomers include silicone 
containing monomers and macromers having a polymeriz 
able vinyl group. Preferably the vinyl group is a methacry 
loxy group. Examples of suitable silicone containing 
monomers and macromers include mPDMS type monomers, 

Which comprise at least tWo [iSiiOi] repeating units, 
SiGMA type monomers Which comprise a polymerizable 
group having an average molecular Weight of about less than 
2000 Daltons, a hydroxyl group and at least one “iSiiOi 
Sii” group and TRIS type monomers Which comprise at 
least one Si(OSii)3 group. Examples of suitable TRIS 
monomers include methacryloxypropyltris(trimethylsiloxy) 
silane, methacryloxypropylbis(trimethylsiloxy)methylsi 
lane, methacryloxypropylpentamethyldisiloxane, mixtures 
thereof and the like. 

[0057] Preferably, the mPDMS type monomers comprise 
total Si and attached 0 in an amount greater than 20 Weight 
percent, and more preferably greater than 30 Weight percent 
of the total molecular Weight of the silicone-containing 
monomer. Suitable mPDMS monomers have the 
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formul a 

[0058] Examples of suitable linear mono-alkyl terminated 
polydimethylsiloxanes (“mPDMS”) include: 

Where b:0 to 100, Where it is understood that b is a distribu 
tion having a mode approximately equal to a stated value, 
preferably 4 to 16, more preferably 8 to 10; R58 comprises a 
polymerizable monovalent group containing at least one eth 
ylenically unsaturated moiety, preferably a monovalent group 
containing a styryl, vinyl, (meth)acrylamide or (meth)acry 
late moiety, more preferably a methacrylate moiety; each R59 
is independently a monovalent alkyl, or aryl group, Which 
may be further substituted With alcohol, amine, ketone, car 
boxylic acid or ether groups, preferably unsubstituted 
monovalent alkyl or aryl groups, more preferably methyl; R60 
is a monovalent alkyl, or aryl group, Which may be further 
substituted With alcohol, amine, ketone, carboxylic acid or 
ether groups, preferably unsubstituted monovalent alkyl or 
aryl groups, preferably a Cl_1O aliphatic or aromatic group 
Which may include hetero atoms, more preferably C3_8 alkyl 
groups, mo st preferably butyl; and R61 is independently alkyl 
or aromatic, preferably ethyl, methyl, benzyl, phenyl, or a 
monovalent siloxane chain comprising from 1 to 100 repeat 
ing SiiO units. 
[0059] Preferably in the SiGMA type monomer silicon and 
its attached oxygen comprise about 10 Weight percent of said 
monomer, more preferably more than about 20 Weight per 
cent. Examples of SiGMA type monomers include mono 
mers of Formula I 

Wherein the substituents are as de?ned in US. Pat. No. 5,998, 
498, Which is incorporated herein by reference. 
[0060] Speci?c examples of suitable SiGMA type mono 
mers include 2-propenoic acid, 2-methyl-2-hydroxy-3-[3-[l, 
3 ,3 ,3 -tetramethyl -l - [trimethyl silyl)oxy] disiloxanyl] pro 
poxy]propyl ester 

and (3 -methacryloxy-2 -hydroxypropyloxy)propyltris(trim 
ethylsiloxy)silane 
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[0061] Yet further examples of SiGMA type monomers 
include, Without limitation (3-methacryloxy-2-hydroxypro 
pyloxy)propylbis(trimethylsiloxy)methylsilane. 
[0062] In some exemplary embodiments, hydrophobic 
monomers, such as, for example, methylmethacrylate and 
ethylmethacrylate may be incorporated into the poly-HEMA 
to modify the Water absorption, oxygen permeability, or other 
physical properties as demanded by the intended use. Exem 
plary amounts of comonomer can be less than about 50 
Weight %, and preferably betWeen about 0.5 and 40 Weight %. 
Speci?c ranges can depend upon a desired Water content for 
the resulting hydrogel, a solubility of the monomers selected 
and diluent selected. For example, in embodiments Wherein 
the comonomer comprises MMA, it may be bene?cially 
included in amounts less than about 5 Weight % and prefer 
ably betWeen about 0.5 and about 5 Weight %. In other 
embodiments the comonomer may comprise GMA in 
amounts up to about 50 Weight %, preferably betWeen about 
25 Weight % and about 45 Weight %. In still other embodi 
ments the comonomer can comprise DMA in amounts up to 
about 50 Weight %, and preferably in amounts betWeen about 
10 and about 40 Weight %. 
[0063] Some embodiments can also include the use of ini 
tiators and chain transfer agents. Various embodiments may 
therefore include the use of any desirable initiators, includ 
ing, Without limitation, thermally activated initiators, UV 
and/or visible light photoinitiators and the like and combina 
tions thereof. Suitable thermally activated initiators include 
lauryl peroxide, benzoyl peroxide, isopropyl percarbonate, 
azobisisobutyronitrile, 2,2-azobisisobutyronitrile, 2,2-azo 
bis-2-methylbutyronitrile and the like. Preferred initiators 
comprise 2,2-azobis-2-methylbutyronitrile (AMBM) and/or 
2,2-azobisisobutyronitrile (AIBN). 
[0064] The initiator is used in the lens forming mixture in 
effective amounts, e.g., from about 0.1 to about 5 Weight 
percent, and preferably from about 0.1 to about 2 parts by 
Weight per 100 parts of reactive monomer. 
[0065] In some exemplary embodiments, HEMA monomer 
and any desired comonomers can be polymerized via free 
radical polymerization. The polymerization is conducted in 
any solvent, Which is capable of dissolving the HEMA mono 
mer and the resulting poly-HEMA during the polymerization. 
Suitable solvents for the polymerization of the HEMA mono 
mer include alcohols, glycols, polyols, aromatic hydrocar 
bons, ethers, esters, ester alcohols, ketones, sulfoxides, pyr 
rolidones, amides mixtures thereof and the like. Speci?c 
solvents include methanol, ethanol, isopropanol, l-propanol, 
methyllactate, ethyllactate, isopropyllactate, glycolethers 
like the DoWanol range of products, ethoxypropanol, DMF, 
DMSO, NMP, cyclohexanone, mixtures thereof and the like. 
Preferred solvents include alcohols having one to four carbon 
atoms and more preferably, ethanol, methanol and isopro 
panol. Suf?cient solvent must be used to dissolve the mono 
mers. Generally about 5 to about 25 Weight % of monomers in 
the solvent is suitable. 
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[0066] The free radical polymerization can be conducted at 
temperatures betWeen about 40° and about 150° C. The upper 
limit can be determined by the pressure limitation of the 
equipment available and the ability to handle the polymeriza 
tion exotherrn. The loWer limit can be determined by the 
maximum acceptable reaction time and/or properties of ini 
tiator. For polymerization at about ambient pressure a pre 
ferred temperature range is betWeen about 50° C. and about 
1 10° C., and more preferably betWeen about 60° to about 90° 
C. and for times necessary to provide the desired degree of 
conversion. A free radical polymerization reaction generally 
proceeds With about betWeen about 90 to about 98% of the 
monomer reacting Within about one to about 6 hours. If a 

more complete conversion is desired, (greater than about 
99%), the reaction may be conducted from about 12 to about 
30 hours, and more preferably betWeen about 1 6 and about 30 
hours. Since the poly-HEMA prepared in the polymerization 
step in many instances Will undergo a fractionation to remove 
loW molecular Weight species, it may not, in all embodiments, 
be required to bring the polymerization process to a high 
degree of conversion. 
[0067] In some embodiments, chain transfer agents may 
optionally be included. Chain transfer agents useful in form 
ing the poly-HEMA may have chain transfer constants values 
of greater than about 0.001, preferably greater than about 0.2, 
and more preferably greater than about 0.5 Exemplary chain 
transfer agents include, Without limitation, aliphatic thiols of 
the formula RiSH Wherein R is a C 1 to C 12 aliphatic, a 

benzyl, a cycloaliphatic or CH3(CH2)xiSH Wherein x is 1 to 
24, benzene, n-butyl chloride, t-butyl chloride, n-butyl bro 
mide, 2-mercapto ethanol, 1-dodecyl mercaptan, 2-chlorobu 
tane, acetone, acetic acid, chloroform, butyl amine, triethy 
lamine, di-n-butyl sul?de and disul?de, carbon tetrachloride 
and bromide, and the like, and combinations thereof. Gener 
ally, about 0 to about 7 Weight percent based on the total 
Weight of the monomer formulation Will be used. Preferably 
dodecanethiol, decanethiol, octanethiol, mercaptoethanol, or 
combinations thereof is used as the chain transfer agent. 

[0068] In some embodiments it is preferred to polymerize 
the poly-HEMA Without a chain transfer agent. Accordingly, 
alcohols may be used as a solvent in some embodiments, 
preferably alcohols having one to four carbon atoms, and 
preferably the solvent is methanol, ethanol, isopropanol and 
mixtures thereof. 

[0069] In some exemplary embodiments, the poly-HEMA 
formed in the free radical polymerization may have a poly 
dispersity Which is too high for direct use in molds according 
to the present invention. This may be caused by the reaction 
kinetics of the process in Which an important terminating 
reaction is a combination of tWo groWing polymer chains. 
Accordingly, When using free radical polymerization to form 
a poly-HEMA it may be advantageous to purify the poly 
HEMA either before or after functionalization to remove the 
polymer having molecular Weights outside the desired range. 
Any method capable of separating a material based upon 
molecular Weight may be used. 
[0070] The non-solvent must reduce at least one of the 
parameters to insure the selective precipitation of the poly 
HEMA having a peak molecular Weight of greater than about 
90,000. If the non-solvent increases the solubility parameters 
of the separation mixture, precipitation is much less a func 
tion of the molecular Weight, and poly-HEMA Within the 
desired molecular Weight range is lost. 
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[0071] In some exemplary embodiments, a poly-HEMA 
can be utilized With an amount of polymer molecules With 
molecular Weight less than about 15,000 that is less than 
about 10%, preferably less than about 5% and more prefer 
ably less than about 2%. Fractionation methods are ?exible 
and can be adapted according to the nature of the speci?c 
polymer. The conditions required to obtain the desired degree 
of polydispersity can easily be determined by simple small 
scale experiments using the above disclosure. Suitable tem 
perature ranges include about 5 to about 50° C. Suitable 
standing times include betWeen about 1 hour and to about 7 
days. 
[0072] In some embodiments only the loW molecular 
Weight fraction is removed from the poly-HEMA. This can be 
done by the solvent/non-solvent process described above. In 
a preferred embodiment the loW molecular Weight material is 
removed during the Washing step after the poly-HEMA has 
been functionalized. 

[0073] In some embodiments, a poly-HEMA may also be 
formed directly by anionic polymerization or controlled free 
radical polymerization, such as With a TEMPO type polymer 
ization, ATRP (atom transfer radical polymerization), GTP 
(Group transfer polymerization), and RAFT (Reversible 
addition-fragmentation chain transfer polymerization). 
[0074] For example, for anionic polymerization the desired 
silyl protected monomer can be dissolved in a suitable sol 
vent, such as THF solution. The reaction is conducted at 
reduced temperature, betWeen about —60° C. and about —90° 
C. using knoWn initiators such as 1,1-diphenylhexyllithium 
as initiator. The polymerization may be terminated by con 
ventional means, such as, but not limited to degassed metha 
nol. 

[0075] The poly-HEMA compositions having a speci?c 
molecular Weight range and polydispersity can be used to 
make crosslinkable prepolymers With Well-de?ned polydis 
persity and molecular Weight. As but one example, the 
crosslinkable prepolymers can have acrylic groups Which can 
be crosslinked by UV in an extremely short time to form 
contact lenses With very desirable properties so far unobtain 
able by conventional methods. 
[0076] In some exemplary embodiments, the poly-HEMA 
is functionalized to form a crosslinkable prepolymer by 
attaching a crosslinkable functional group thereto. Generally 
the functional group can provide the ability to crosslink and 
form crosslinked polymers or hydrogels to the prepolymer. 
Suitable reactants that provide the crosslinkable functional 
groups have the structure A-S-F, Where A is an attaching 
group Which is capable of forming a covalent bond With a 
hydroxyl group in the poly-HEMA; S is a spacer and F is a 
functional group comprising an ethylenically unsaturated 
moiety. Suitable attaching groups, A, can include chloride, 
isocyanates, acids, acid anhydrides, acid chlorides, epoxies, 
azalactones, combinations thereof and the like. Preferred 
attaching groups can include acid anhydrides. 

[0077] The spacer may be a direct bond, a straight, 
branched or cyclic alkyl or aryl group having 1 to 8 carbon 
atoms and preferably 1 to 4 carbon atoms or a polyether chain 
of the formula i(CH24CH24O)ni Where n is betWeen 1 
and 8 and preferably betWeen 1 and 4. 
[0078] Suitable functional groups comprise free radical 
polymerizable ethylenically unsaturated moieties. Suitable 
ethylenically unsaturated groups can have the formula 
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[0079] Where R10, R11 and R12 are independently selected 
from H, C1_6 alkyl, carbonyl, aryl and halogen. Preferably 
R10, R1 l and R12 are independently selected from H, methyl, 
aryl and carbonyl, and more preferably in some embodiments 
selected from H and methyl. 
[0080] Preferred exemplary reactants can include meth 
acrylic acid chloride, 2-isocyanatoethylacrylate, isocyanato 
ethyl methacrylate (IEM), glycidyl methacrylate, cinnamic 
acid chloride, methacrylic acid anhydride, acrylic acid anhy 
dride and 2-vinyl-4-dimethylaZalactone. 
[0081] Suitable amounts of the crosslinkable functional 
group attached to the poly-HEMA can include from about 1 to 
about 20%, and preferably betWeen about 1.5 to about 10%, 
and most preferably from about 2 to about 5% on a stoichio 
metric basis based upon the amount of available hydroxyl 
groups in the poly-HEMA. The degree of functionaliZation 
may be measured by knoWn methods such as determination of 
unsaturated groups or by hydrolysis of the bond betWeen the 
functional reactant and the polymer folloWed by determina 
tion of the released acid by HPLC. 
[0082] Depending on the attaching group selected, the 
functionaliZation may be conducted With or Without a con 
ventional catalyst. Suitable exemplary solvents include polar, 
aprotic solvents Which are capable of dissolving the poly 
HEMA at the selected reaction conditions. Examples of suit 
able solvents include dimethylformamide (DMF), hexameth 
ylphosphoric triamide (HMPT), dimethyl sulfoxide 
(DMSO), pyridine, nitromethane, acetonitrile, dioxane, tet 
rahydrofuran (THE) and N-methylpyrrolidone (NMP). Pre 
ferred solvents include formamide, DMF, DMSO, pyridine, 
NMP and THE. When IEM is used the catalyst is a tin catalyst 
and preferably dibutyl tin dilaurate. 
[0083] The functionaliZation lens forming mixture may 
also contain a scavenger capable of reacting With moieties 
created by the functionaliZation. For example, When acid 
anhydrides are used as the attaching group, it may be bene? 
cial to include at least one tertiary amine, a heterocyclic 
compound With an aprotic nitrogen or other leWis bases to 
react With the carboxyl group Which is generated. Suitable 
tertiary amines include pyridine, triethylenediamine and tri 
ethylamine, With triethylamine being preferred. If included 
the tertiary amine may be include in a slight molar excess 
(about 10%). In a preferred embodiment the solvent is NMP, 
the reactant is methacrylic acid anhydride, acrylic acid anhy 
dride or a mixture thereof and triethylamine is present. The 
most preferred reactant is methacrylic acid anhydride. 
[0084] Exemplary reactions can be run at about room tem 
perature. Each functional group may require a speci?c tem 
perature range, Which is understoodby those of skill in the art. 
Ranges of about 00 C. and 50° C. and preferably about 50 C. 
and about 45° C. are generally suitable. Ambient pressures 
may be used. For example, When the crosslinkable functional 
group is an acid anhydride the functionaliZation is conducted 
at temperatures betWeen about 5° C. and about 45° C. and for 
times ranging from about 20 to about 80 hours. It Will be 
appreciated by those of skill in the art, that ranges outside 
those speci?ed may be tolerated by balancing the time and 
temperatures selected. The reaction can be run to produce a 
crosslinkable prepolymer With a poly-HEMA backbone hav 
ing a molecular Weight and polydispersity as de?ned above. 
[0085] Apart from attaching crosslinkable side groups 
other side groups may provide additional functionality 
including, but not limited to photoinitiators for crosslinking, 
pharmaceutical activity and the like. Still other functional 
groups may contain moieties that can bind and/or react With 
speci?c compounds When the crosslinked gels are used in 
analytical diagnostic applications. 
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[0086] In some exemplary embodiments, after the 
crosslinkable prepolymer has been formed, substantially all 
unreacted reactants and byproducts are removed. By “sub 
stantially all” We mean that less than about 0.1 Weight % 
remains after Washing. This can be done by conventional 
means, such as ultra?ltration. HoWever, in the present inven 
tion, it may be possible to purify the cross-linkable prepoly 
mer by sWelling the prepolymer With Water and rinsing With 
Water to remove substantially all of the undesired constituents 
including monomeric, oligomeric or polymeric starting com 
pounds and catalysts used for the preparation of the poly 
HEMA and byproducts formed during the preparation of the 
crosslinkable prepolymer. Washing can be conducted With 
deioniZed Water and conditions can be selected to provide a 
large surface to volume ratio of the crosslinkable prepolymer 
particles. This can be done by freeZe drying the crosslinkable 
prepolymer, making a thin ?lm from the crosslinkable pre 
polymer, extruding the crosslinkable prepolymer into rods, 
nebuliZing the crosslinkable prepolymer solution into the 
deioniZed Water, and other like methods, Which are knoW to 
those skilled in the art. 
[0087] Exemplary processes can include Washings con 
ducted in batches With about 3 to about 5 Water replacements 
at room temperature and the equilibrium time betWeen Water 
replacements can be shortened by Washing (extracting) at 
elevated temperatures beloW about 50° C. In some exemplary 
embodiments, Water removes impurities Which Would leach 
out during storage and use, providing con?dence that a pure 
material, suitable for the end use, has been produced. 
[0088] In some embodiments unfractionated poly-HEMA 
having polydispersity outside the preferred range, or poly 
HEMA from Which only the high molecular Weight material 
has been removed, is functionaliZed and the functionaliZed 
material is Washed repeatedly With large volumes of Water to 
remove reactants and poly-HEMA of loW molecular Weight. 
By this method a very pure functionaliZed poly-HEMA of 
loW polydispersity such as beloW 2.0, preferred beloW 1.7 and 
more preferred beloW 1.5, can be obtained. The functional 
iZed crosslinkable poly-HEMA obtained by this method com 
prises less than 10%, preferably less than 5% and more pref 
erably less than 2% of poly-HEMA of molecular Weight 
smaller than about 15,000. 
[0089] The extent to Which the small molecules should be 
removed depends on the degree of functionaliZation and the 
intended use. Preferably, during cure, all poly-HEMA mol 
ecules should become bound into the polymer netWork by at 
least tWo covalent bonds. Due to the statistical nature of the 
functionaliZation and the cure, the probability that a poly 
HEMA molecule Will be bound into the polymer netWork 
through only one covalent bond or none at all increases With 
decreasing peak molecular Weight and decreasing degree of 
functionaliZation. 
[0090] For loWer functionaliZation relatively more of the 
loW molecular Weight material should be removed. The cor 
rect amount can easily be determined by experiments com 
paring removal and mechanical properties. 
[0091] Once the crosslinkable prepolymer has been puri 
?ed it can then dissolved in a Water replaceable diluent to 
form a viscous solution. The diluent can function as a medium 
in Which the crosslinkable functionaliZed poly-HEMA pre 
polymer can be dissolved and in Which the crosslinking reac 
tion or cure can take place. In all other respects the diluent 
should be non-reactive. Suitable diluents include those 
capable of dissolving, at or beloW 65° C., betWeen about 30 
Weight % to about 60 Weight % crosslinkable prepolymer 
based upon the total Weight of the viscous solution. Speci?c 
examples include alcohols having one to four carbon atoms, 
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and preferably methanol, ethanol, propanol and mixtures 
thereof. Water may be used as a co-diluent in minor amounts 
such as less than about 50% of the total diluent. For hydro 
gels, diluents should be added to the crosslinkable prepoly 
mer in an amount Which is approximate or equal to the 
amount of Water present in the ?nal hydrogel. Diluent 
amounts betWeen about 40 and about 70 Weight % of the 
resulting viscous solution are acceptable. 
[0092] Viscous solutions may have a viscosity of about 
50,000 cps to about 1><107 cps at 25° C., preferably of about 
100,000 cps to about 1,000,000 cps at 25° C., and more 
preferably of about 100,000 cps to about 500,000 cps at 25° 
C 
[0093] Preferably the diluents are also safe for the article’s 
intended end use. So, for example, When the article being 
formed is a contact lens, the solvent should preferably be safe 
for ocular contact and ophthalmically compatible. Diluents 
that Will not be evaporated from the resulting article should 
have the capability to bring the Tg of the viscous solution to 
beloW about room temperature, (preferably a Tg less than 
about —50° C.) and loW vapor pressures (boiling point above 
about 180° C.). Examples of biocompatible diluents include 
polyethylene glycols, glycerol, propylene glycol, dipropy 
lene glycol mixtures thereof and the like. Preferred polyeth 
ylene glycols have molecular Weights betWeen about 200 and 
600. Use of biocompatible diluents alloWs the removal of a 
separate Washing/ evaporation step to remove the diluents. 
[0094] LoW boiling diluents may also be used, but may 
require an evaporation step for diluents Which are not com 
patible With the intended use environment. LoW boiling dilu 
ents are polar and generally have loW boiling points (less than 
about 150° C.), Which make removal via evaporation conve 
nient. Suitable loW boiling diluents include alcohols, ethers, 
esters, glycols, mixtures thereof and the like. Preferred loW 
boiling diluents include alcohols, ether alcohols, mixtures 
thereof and the like. Speci?c examples of loW boiling diluents 
include 3-methoxy-1-butanol, methyl lactate, 1-methoxy-2 
propanol, 1-ethoxy-2-propanol, ethyl lactate, isopropyl lac 
tate, mixtures thereof and the like. 
[0095] A polymerization initiator may also be added. The 
initiator may be any initiator that is active at the processing 
conditions. Suitable initiators include thermally activated, 
photoinitiators (including UV and visible light initiators) and 
the like. Suitable thermally activated initiators include lauryl 
peroxide, benZoyl peroxide, isopropyl percarbonate, aZobi 
sisobutyronitrile, 2,2-aZobis isobutyronitrile, 2,2-aZobis 
2-methylbutyronitrile and the like. Suitable photoinitiators 
include aromatic alpha hydroxyketone or a tertiary amine 
plus a diketone. Illustrative examples of photoinitiator sys 
tems are 1-hydroxycyclohexylphenyl ketone, 2-hydroxy-me 
thyl-1-phenyl-propan-1-one, benZophenone, thioxanthen-9 
one, a combination of camphorquinone and ethyl-4-(N,N 
dimethylamino)benZoate or N-methyldiethanolamine, 
hydroxycyclohexyl phenyl ketone, bis(2,4,6-trimethylben 
Zoyl)-phenyl phosphine oxide and bis(2,6-dimethoxyben 
Zoyl)-2,4,4-trimethylpentyl phosphine oxide, (2,4,6-trimeth 
ylbenZoyl)diphenyl phosphine oxide and combinations 
thereof and the like. Photoinitiation is a preferred method and 
bis(2,6-dimethoxybenZoyl)-2,4,4-trimethylpentyl pho sphine 
oxide, bis(2,4,6-trimethylbenZoyl)-phenyl phosphine oxide 
and 2-hydroxy-methyl-1-phenyl-propan-1-one are preferred 
photoinitiators. Other initiators are knoWn in the art, such as 
those disclosed in US. Pat. No. 5,849,841, at column 16, the 
disclosure of Which is incorporated herein by reference. 
[0096] Other additives Which may be incorporated in the 
prepolymer or the viscous solution include, but are not lim 
ited to, ultraviolet absorbing compounds, reactive dyes, 
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organic and inorganic pigments, dyes, photochromic com 
pounds, release agents, antimicrobial compounds, pharma 
ceuticals, mold lubricants, Wetting agents, other additives 
desirable to maintain a consistent product speci?cation, (such 
as but not limited to TMPTMA) combinations thereof and the 
like. These compositions may be added at nearly any stage 
and may be copolymers, attached or associated or dispersed. 
[0097] The viscous solution should preferably not contain 
compounds such as free monomers Which can, during cure, 
give polymer material Which is not bound up in the netWork 
and/or Will give residual extractable material. 
[0098] Exemplary viscous solutions may have bene?cially 
short relaxation times. Relaxation times are preferred to be 
less than about 10 seconds, preferably less than about 5 sec 
onds and more preferably less than about 1 second. Short 
relaxation times can be bene?cial because prepolymers hav 
ing them are capable of relieving ?oW induced stresses prior 
to curing so the cured polymer netWork is free of locked-in 
stresses. This facilitates the viscous solutions of the present 
invention to be processed Without long “hold” times betWeen 
closing the mold and curing the viscous solution. 
[0099] In some embodiments, in order to limit unWanted 
stresses on the lens, it is bene?cial to alloW the viscous solu 
tion to rest in the closed mold for a period tWo to three times 
longer than the viscous solution’s relaxation time. In some 
embodiments, the viscous solution of the present invention 
may have bene?cially short relaxation times at room tempera 
ture (less than about 10 seconds, preferably less than about 5 
seconds, and more preferably less than about 1 second) Which 
alloW for hold times Which are generally less than about 30 
seconds, preferably less than about 10 seconds and more 
preferably less than about 5 seconds. 
[0100] An additional bene?t of short holding times can 
include minimimal oxygen diffusion into the crosslinkable 
prepolymer from the mold parts. Diffusion of oxygen can 
impair the curing process at the surface of the article. It Will be 
appreciated that the viscous solution may be held for longer 
than the times speci?ed in loW oxygen content molds With 
minimal or no negative impact other than sloWer production 
times. 
[0101] A mold containing the viscous solution can be 
exposed to ioniZing or actinic radiation, for example electron 
beams, X-rays, UV or visible light, ie. electromagnetic radia 
tion or particle radiation having a Wavelength in the range of 
from about 280 to about 650 nm. Also suitable are UV lamps, 
HE/Cd, argon ion or nitrogen or metal vapor or NdYAG laser 
beams With multiplied frequency. The selection of the radia 
tion source and initiator are knoWn to those of skill in the art. 
Those of skill in the art Will also appreciate that the depth of 
penetration of the radiation in to the viscous solution and the 
crosslinking rate are in direct correlation With the molecular 
absorption coef?cient and concentration of the selected pho 
toinitiator. In a preferred embodiment the radiation source is 
selected from UVA (about 315- about 400 nm), UVB (about 
280- about 315) or visible light (about 400- about 450 nm), at 
high intensity. As used herein the term “high intensity” means 
those betWeen about 100 mW/cm2 to about 10,000 mW/cm2. 
The cure time is short, generally less than about 30 seconds 
and preferably less than about 10 seconds. The cure tempera 
ture may range from about ambient to elevated temperatures 
of about 90° C. For convenience and simplicity the curing is 
preferably conducted at about ambient temperature. The pre 
cise conditions Will depend upon the components of lens 
material selected and are Within the skill of one of ordinary 
skill in the art to determine. 
[0102] The cure conditions must be su?icient to form a 
polymer netWork from the crosslinkable prepolymer. The 
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resulting polymer network is swollen With the diluent and has 
the form of the mold cavity 105. 
[0103] Once curing is completed, the molds are opened. 
Post molding puri?cation steps to remove unreacted compo 
nents or byproducts are either simpli?ed compared to con 
ventional molding methods, or are not necessary in the 
present invention. If a biocompatible diluent is used no Wash 
ing or evaporating step is required at this phase either. It is an 
advantage of the present invention that When a biocompatible 
diluent is used, both post molding extraction and diluent 
exchange steps are not required. If a loW boiling diluent is 
used, the diluent should be evaporated off and the lens 
hydrated With Water. 
[0104] Some exemplary resulting lenses comprise a poly 
mer netWork, Which When sWelled With Water becomes a 
hydrogel. Hydrogels may comprise betWeen about 20 to 
about 75 Weight % Water, and preferably betWeen about 20 to 
about 65 Weight % Water. Hydrogels may have excellent 
mechanical properties, including modulus and elongation at 
break. The modulus can be about 20 psi or more, preferably 
betWeen about 20 and about 90 psi, and more preferably 
betWeen about 20 and about 70 psi. 
[0105] While the present invention has been particularly 
described above and draWings, it Will be understood by those 
skilled in the art that the foregoing ad other changes in form 
and details may be made therein Without departing from the 
spirit and scope of the invention, Which should be limited only 
by the scope of the appended claims. 

What is claimed is: 
1. A method of forming an ophthalmic lens, the method 

comprising the steps of: 
dosing an amount of a lens forming mixture comprising a 

prepolymer into a ?rst mold part, Wherein the ?rst mold 
part comprises a lens forming surface and a vent forming 
portion; 

assembling a second mold part to the ?rst mold part; 
applying a predetermined pressure joining the ?rst mold 

part and the second mold part and forming the prepoly 
mer into a desired shape of the ophthalmic lens Within a 
cavity formed betWeen the ?rst mold part and the second 
mold part and also forming a vent portion around a 
perimeter of the lens forming surface; 

expelling atmospheric gas through the vent portion; and 
curing the prepolymer to fashion the ophthalmic lens. 
2. The method of claim 1 Wherein the prepolymer com 

prises poly-HEMA or silicone having a peak molecular 
Weight about 25,000 With a polydispersity of less than about 
2 to a peak molecular Weight of about 100,000 With a poly 
dispersity of less than about 3.8. 

3. The method of claim 1 Wherein the step of dosing the 
prepolymer comprises: 

dosing With precision tolerance of plus or minus 2 milli 
grams of a predetermined dose amount. 

4. The method of claim 1 Wherein the predetermined dose 
amount comprises betWeen about 25 to 35 milligrams. 

5. The method of claim 1 Wherein at least one of the ?rst 
mold part and the second mold part is fashioned from a 
material comprising a polyole?n. 

6. The method of claim 1 Wherein the predetermined pres 
sure joining the ?rst mold part and the second mold part 
comprises a force less than a force su?icient to deform one or 
more of the ?rst mold part and the second mold part. 
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7. The method of claim 1 Wherein the predetermined pres 
sure joining the ?rst mold part and the second mold part 
comprises a force of betWeen about 1 kilogram and 10 kilo 
gram of force 

8. The method of claim 1 Wherein at least one of the ?rst 
mold part and the second mold part comprises an area capable 
of transmitting suf?cient light energy to cure the prepolymer. 

9. The method of claim 8 Wherein the suf?cient light to cure 
the prepolymer comprises a frequency of betWeen about 350 
to 600 nanometers. 

10. The method of claim 1 Wherein one or both of the ?rst 
mold part and the second mold part comprise a reusable mold 
part capable of molding multiple ophthalmic lenses. 

11. The method of claim 10 Wherein one or both of the ?rst 
mold part and the second mold part comprise a metallic 
material. 

12. The method of claim 10 Wherein one or both of the ?rst 
mold part and the second mold part comprise one or more of: 
glass and quartz. 

13. The method of claim 1 Wherein at least one of the ?rst 
mold part and the second mold part comprises an area capable 
of transmitting su?icient light energy to steriliZe the formed 
ophthalmic lens. 

14. The method of claim 1, Wherein the ophthalmic lens 
comprises a silicone hydrogel contact lens. 

15. Molding apparatus for fashioning an ophthalmic lens 
from a prepolymer, the molding apparatus comprising: 

a ?rst mold part comprising: a) a concave lens surface area 
capable for receiving a prepolymer and comprising opti 
cal qualities to be imparted into a lens formed Within the 
concave lens surface area, b) a ?rst vent forming portion, 
and c) an alignment taper portion; and 

a second mold part comprising: a) a convex lens surface 
area Which When positioned proximate to the concave 
lens surface area forms an ophthalmic lens forming cav 
ity, b) a second vent forming portion Which When posi 
tioned proximate to the ?rst vent forming portion de?nes 
a vent ?uidly connecting the lens forming cavity to an 
ambient area, and c) an alignment taper portion. 

an area transmissive to light energy effective to cure the 
prepolymer. 

16. The molding apparatus of claim 15 additionally com 
prising an area in one or both of the ?rst mold part and the 
second mold transmissive to light energy effective to cure the 
prepolymer. 

17. The molding apparatus of claim 15 Wherein at least one 
of the ?rst mold part and second mold part comprises a cyclic 
ole?n of su?icient modulus to Withstand a stopping load of 
betWeen about kilogram and 10 kilogram of force Without 
deformation suf?cient to deform a lens formed in the lens 
forming cavity. 

18. The molding apparatus of claim 15 Wherein at least one 
of the ?rst mold part and second mold part comprises a 
metallic mold part suitable for forming multiple ophthalmic 
lenses. 

19. The molding apparatus of claim 15 Wherein the vent 
portion comprises a channel of betWeen about 0.001 mm to 
about 0.20 mm Wide. 

20. The molding apparatus of claim 15 Wherein the vent 
portion comprises a channel of betWeen about 0.003 mm to 
about 0.10 mm Wide. 


